Lungs from dogs infected with adult, gravid Dirofilaria imrnitis but without microfilaria circulating in systemic vessels were studied by light and transmission electron microscopy. Microfilariae were seen within the pulmonary microvasculature and in interstitial areas of interalveolar septa. An acute inflammatory reaction characterized by aggregates of eosinophils, neutrophils, macrophages and lymphocytes was associated with intact microfilariae. Necrotic and fragmented microfilariae were surrounded by macrophages and epithelioid cells. Other lesions in interalveolar septa of dogs with chronic occult dirofilariasis included endothelial degeneration and hypertrophy, penvascular aggregates of plasma cells, hypertrophy and hyperplasia of smooth muscle cells, and interstitial fibrosis. The findings suggest that a cell-mediated hypersensitivity reaction is at least partially responsible for retention of microfilariae in pulmonary parenchyma of dogs with occult dirofilariasis.
to be host sensitization to microfilarial antigens and immune-facilitated retention of microfilariae in the lung.
The pulmonary response to retained microfilaria in occult dirofilariasis has been characterized only minimally [20, 22] . W e describe the morphologic lesions associated with microfilariae in pulmonary parenchyma and the pathologic sequelae that occur in chronic occult dirofilariasis.
Materials and Methods
The dogs and methods of sensitization to microfilariae and of inoculation with infective third-stage larvae have been described [2 11. Pulmonary tissues were available for retrospective microscopic study from seven of the ten dogs described [21] . Dogs 2 and 5 in table I were a German shorthaired pointer and a mixed-breed dog, respectively. The other dogs were beagles. All were young adults at the beginning of the experiment except dog 6, which was two months old.
Dogs 1 through 5 were sensitized to microfilariae prior to inoculation with infective L3 larvae to establish occult dirofilariasis. The microfilariae were obtained from a naturally infected dog with a high level of microfilaremia, concentrated, and given in three intravenous injections of 5 X lo5 to 1.5 X lo6 microfilariae per injection. Dogs 6 and 7 were not presensitized prior to subcutaneous inoculation with L3 larvae. Infective larvae were harvested from mosquitoes (Aedes aegypti, blackeye, Liverpool strain) that had been fed an infected blood meal 13 days previously. Blood samples were drawn from hemograms and examinations for microfilariae by Knott's technique of concentration [ 131. Tests for microfilariae generally were done at 14-day intervals during the period of observation. Dogs 1 and 3 were treated with an adulticide (sodium thiacetarsamide, Diamond Laboratories, Inc., Des Moines, Iowa) at a dosage of 2.2 mg/kg body weight/day for four days, 18 months after inoculation with L3 larvae. Dog 2 was treated with dithiazanine iodide (Eli Lilly and Co., Indianapolis, Ind.) at a dosage of 4.4 mg/kg of body weight/day for 14 days, 18 months after infection. This was followed by treatment with adulticide at 25, 28, and 38 months after inoculation. Dogs 1 and 2 were reinfected with L3 larvae three months after treatment.
All dogs were killed with intravenous sodium pentobarbital at the end of the experimental period and necropsied, except dog 3, which died after it developed severe pulmonary arterial thrombosis and congestive heart failure. Gross and microscopic examinations were done on each animal. The lungs from dogs 1, 2, 5, and 6 were prepared for transmission electron microscopy in addition to routine paraffin sections. Lungs for electron microscopy were fixed via the trachea with modified Karnovsky's fixative [lo] at 30-cm pressure. Blocks were sectioned and embedded in epon-araldite in large blocks (6 X 12 X 1.5 mm), and then sectioned at 1.5 pm. Sections were stained with toluidine blue, and lesions were selected from blocks for ultrathin sectioning as described [4] . Sections were stained with uranyl acetate and lead citrate and examined by transmission electron microscopy.
Lungs from five adult beagle dogs, fixed by tracheal perfusion and studied similarly, served as controls.
Results
Dogs 1 through 6 did not develop microfilaremia, and dog 7 was microfilaremic for seven months prior to becoming negative for microfilaremia on two tests over a two-week period. All infected dogs developed an antibody response to microfilaria, as shown by the indirect fluorescent antibody test [2 11 . 
a Microfilaremia was induced artificially by the initial injections.
' Only the total number of adults was counted.
At necropsy, all of the infected dogs had male and gravid female DiroJilaria immitis in their right ventricles (table I) . Gross and microscopic lesions were absent in lungs of control dogs. Microfilariae were seen in histologic sections of pulmonary tissue from all infected dogs. The most consistent microscopic lesion associated with microfilariae was interstitial pneumonia characterized by randomly distributed multifocal thickenings of interalveolar septa ( fig. l, 2) . Two types of interstitial changes accounted for these thickenings. In the first type of lesion, which was interpreted as the more acute, intact microfilariae were associated with many eosinophils, lymphocytes, and macrophages, and fewer neutrophils ( fig. 3) . The microfilariae generally were present in capillaries but were seen occasionally in the interstitium with mixed leukocytic aggregates and erythrocytes. Adjacent alveoli contained similar inflammatory cells and erythrocytes. In the second type of interstitial lesion, fragmented microfilariae often were surrounded by macrophages and epithelioid cells with interdigitating plasmalemmas ( fig. 4 , 5). The microfilariae were composed of swollen and fragmented cells, and lysosomes of phagocytic cells were in communication with the vacuole encompassing the microfilariae ( fig. 5 ). Dense aggregates of plasma cells were seen often in the thickened interalveolar septa. These were located most frequently in perivascular areas ( fig. 6 ). There were also increased numbers of type 2 alveolar epithelial cells lining interalveolar septa. Dogs 1 through 3 had another type of interstitial lesion, which was seen only to a minimal extent in dogs 4 through 7. Interalveolar septa in these dogs were thickened by bundles of collagen and smooth muscle cells ( fig. 7, 8) . The smooth muscle cells were present both adjacent to and independent of blood vessels. In many areas, smooth muscle and collagenous tissue were not associated with detectable capillaries in interalveolar septa, suggesting that there was a decrease in vascular density in these septa. Vascular lesions were seen in all dogs in the study. The most common was hyperplasia and hypertrophy of capillary endothelium characterized by increased numbers of endothelial nuclear profiles in cross sections as well as by increased thickness of endothelial cytoplasm ( fig. 6, 8, 9 , 10). Endothelial cells occasionally had swollen and vacuolated cytoplasm ( fig. 9 ). A few microfilariae filled capillary lumina and were surrounded by hypertrophied endothelial cells ( fig. 10 ). Processes of macrophages containing lysosomal granules projected between endothelial cells and were in close proximity to microfilariae. Microfilariae surrounded by eosinophils also were seen in the lumina of pulmonary capillaries.
Adult dirofilariae were found in sublobar branches of the pulmonary arteries of dogs 3 and 5, and these dogs also had severe villous pulmonary arteritis and thrombosis. Villous arteritis occurred to a lesser degree in dogs 1 and 4. Hemosiderinladen macrophages were found in the pulmonary interstitium and alveoli of all infected dogs.
Discussion
This paper characterizes the pulmonary lesions associated with retained microfilariae in dogs with occult dirofilariasis. It has been hypothesized that dogs can become hypersensitized to microfilariae of Dirofilaria immitis as a result of intrauterine exposure to microfilariae from the infected bitch that have crossed the placenta 17, 15, 201. These dogs might never show microfilaremia following infection and the development of clinical disease. Experimental infection with L3 larvae can result spontaneously in occult infection after a period of microfilaremia, as shown in this and a previous study [21] . Negative test results for microfilaremia in dogs with dirofilariasis can result from such factors as examination of blood during the prepatent period, seasonal or diurnal periodicity in microfilaremia, and infection by adults of only one sex [12] . Most occult cases, however, appear to be due to hypersensitization of the host to microfilariae. Hypersensitization is associated with elevated antibody titers to microfilariae, eosinophilia, and retention of microfilariae The dogs with occult dirofilariasis in this study had serum with antibody titers to microfilariae [2 I]. The presence of eosinophils, lymphocytes, macrophages, and neutrophils in close association with intact and degenerating microfilariae in interalveolar septa is morphologically compatible with a cell-mediated hypersensitivity reaction [ l l , 17, IS] . Several mechanisms could account for the retention of microfilariae in pulmonary parenchyma of hypersensitized dogs. First, eosinophils and other inflammatory cells may become adherent to microfilariae in the pulmonary microcirculation as part of a cell-mediated immune response and result in embolization of microfilaria-leukocyte aggregates in capillary lumina. Second, as a result of cell-or complement-mediated damage, the microfilariae may be altered structurally and physiologically and become incapable of traversing the pulmonary microvasculature. Finally, pulmonary endothelial cells may become damaged and swell, hypertrophy, or proliferate in response to microfilarial products or mediators released during the inflammatory reaction. This could reduce the cross-sectional area of capillary lumina and further promote embolization of microfilariae and leukocytes. Once microfilariae are retained in the lung and killed, their degradation would predictably result at first in an inflammatory reaction containing macrophages and polymorphonuclear leukocytes, followed by a granulomatous inflammatory response to persistent insoluble microfilarial antigens [ 11. Other investigators have described interstitial pneumonia in dogs with nonoccult dirofilariasis [2, 61. It seems reasonable to suggest that the same types of immune responses and inflammatory reactions to microfilariae occur both in dogs that are microfilaremic and those that are not microfilaremic. In occult disease, however, the responses may be more exaggerated, and all microfilariae are retained and destroyed in the lung.
The pulmonary hypertension that occurs in canine dirofilariasis usually is attributed to the arteritis, thrombosis, and arterial stenosis that result from live and dead Fig. 9 Capillary in interalveolar septum from dog 6. Endothelial cytoplasm is vacuolated. Some vacuoles are swollen endoplasmic reticulum. There is abundant perivascular collagen. Bar = 1.3 pm. adults in the pulmonary arteries [12] . It may be that capillary damage resulting from microfilarial embolization and the inflammatory reaction effectively reduces the cross-sectional area of pulmonary capillaries and contributes to pulmonary hypertension. The pulmonary fibrosis and smooth muscle hyperplasia associated with reduced capillary density seen in dogs 1 through 3, also could be at least partially the result of embolization of mature adults following treatment with adulticide in addition to chronic responses to microfilariae. Morphometric studies will be needed in future investigations to assess the potential importance of microfilaria-initiated lesions in the pathogenesis of pulmonary hypertension in canine dirofilariasis.
